Abstract
at 0.55 kg/ ha (Rittenhouse et al. 1977) . They also reported that broomweed production on untreated sites (590 kg/ ha) was significantly greater than on treated sites (205 kg/ ha). Concomitant grass production on treated sites (1249 kg/ha) was greater than on untreated sites (1025 kg/ ha). Rittenhouse (personal communication) suggested that the greatest detrimental effect from common broomweed infestation may occur during the second year following production because of its physical inhibitory effect on livestock grazing. This study was initiated in December 1976 to evaluate efficacy of common broomweed control with various herbicides. Specifically, herbicide application during late fall and winter was compared to spring application. Effect of broomweed on soil temperature, soil water content, and photosynthetic active radiation at grass level and its effect on herbage yield were also evaluated.
Experimental Procedures
The study was conducted in Hardeman County, Texas, near Chillicothe on a sandy loam range site in the Rolling Plains Resource Area (Lofton et al. 1972) . Soils of the area are a Miles fine sandy loam (fine-loamy, mixed, thermic, Udic Paleustalfs) with 1 to 3% slope. The climate is classified as warm and temperate with dry winters and low humidity during the summer. Annual precipitation averages about 61 cm with rainfall peaks during April-May and September-October (Loften et al. 1972 Herbicides applied to .004 ha plots (6.4 X 6.4 m) included dicamba (dimethylamine salt), picloram (triisopropanolamine salt) plus 2,4,5-T (triethylamine salt), tebuthiuron (N-[5( I ,l- 
80% a.i. wettable powder) and 2,4-D (propylene glycol butyl ether esters formulation). All herbicides were applied at 0.14,0.28,0.55, and 1. I kg a.i./ ha; 2,4-D was also applied at 2.2 kg a.i./ ha. No additives or surfactants were used; all liquid herbicides were applied in aqueous solution and tebuthiuron was applied as an aqueous suspension. The chemicals were applied with a Co2 compression hand sprayer at a constant pressure of 170 KPa. Herbicide treatments were applied to plots arranged in a randomized complete block design with 3 blocks. Treatments were applied December 8, 1976, January 27 and May 12, 1977 (preceding umbel formation) . The area was fenced to exclude livestock grazing for the duration of the study.
Results of herbicide applications were obtained in August 1977 by measuring herbage production on all treatments. Herbage yields were measured by clipping all vegetation at l-cm stubble height in 5,O. I -mr rectangle quadrats per plot. Herbage was separated by species and dried in a forced air oven for at least I week at 46' C to obtain the oven-dried weights. Degree of broomweed control was based on reduction in yield.
Environmental parameters measured at the time of herbicide application included soil water content (obtained gravimetrically 521 from 3 soil cores per plot at IS-cm increments from 0 to 60 cm depths), relative humidity, and soil temperature (obtained at 15, 30, 45, and f&cm depths). Soil temperature was measured by driving a l-cm steel shaft into the ground at prescribed depths and then inserting a glass mercury-tilled thermometer into the hole. The thermometer was allowed to come into equilibrium with the soil temperature (15 minutes or longer) before being read. Relative humidity was measured with a sling psychrometer. Photosynthetic active radiation (PAR) was measured with a Lambda Quantum Sensor. PAR measurements were made above the broomweed canopy in full sunlight and within the broomweed canopy at the height of the grasses. Soil water content, soil temperature, and PAR were measured biweekly throughout the 1977 growing season.
Herbage yields, soil water content, soil temperature and PAR were analyzed by using standard analysis of variance procedures. Where appropriate, treatment means were separated by Duncan's new multiple range test.
Results and Discussion
Environmental conditions were conducive for common broomweed germination during the fall of 1976 and spring of 1977. Early fall, winter, and spring precipitation exceeded the long-term average for our study area (Fig. I) . Consequently, the water content (%) in the soil profile was sufficient for germination and emergence of common broomweed at the time of herbicide application in the late fall, mid-winter, and late spring. Soil temperatures apparently were warm enough to insurea physiological response of the annual forbs that were growing at the time of herbicide application.
All of the herbicides tests, except 2,4-D and tebuthiuron at 0.14 kg/ ha, reduced common broomweed production when compared to the check treatments (Table 1) . Dicamba and picloram plus 2,4,5-T effectively controlled broomweed when applied at all rates (0.14 to I. 1 kg/ ha) but control from tebuthiuron was erratic. There were no differences in broomweed production among tebuthiuron treatments applied at rates of 0.14 to I. 1 kg/ ha; however, rates of 0.28 and 1 .l kg/ ha produced significantly less broomweed than the check.
Time of herbicide application (late fall to late spring) was irrelevant, if environmental conditions allow germination, seedling establishment, and growth (Table 2) date. We agree with Heitschmidt (1979), however, that if environmental conditions are not conducive for common broomweed infestations during the fall, winter or spring, the spray date would become important. As noted by Scifres et al. (1971) and Gordon (1982) , the most appropriate time for spraying common broomweed would be mid-April to mid-May (prior to umbel formation) because natural attrition is high during dry winters and spring. Production of desirable forbs (exclusive of ragweed) was reduced by all herbicides used to control broomweed except tebuthiuron (0.14 and 0.28 kg/ ha) and dicamba (0.14 kg/ ha) ( Table 1) . Forb production was reduced regardless of herbicide application 
date.
Because of the wet spring in 1977, ragweed became a major component of the plant community. However, the ragweed infestations were effectively controlled with picloram plus 2,4,5-T(O. 14 to 1. I kg/ ha), 2,4-D (2.2 kg/ ha), and dicamba (0.55 and 1.1 kg/ ha). Since ragweed is a perennial and did not begin growth until in the spring, it was controlled only by late spring application of herbicide.
Grass production following common broomweed and ragweed control was significantly increased (Table 1) (Schult. Chase]. Time of herbicide application made no difference in grass production. Average grass production was increased approximately 1.5-fold following broomweed control and up to 2.3-fold when both broomweed and ragweed were controlled. There were no significant differences in water content and temperature in the upper 60 cm of soil relative to treatment throughout the growing season in 1977. Shading by the taller weedy species did not alter the soil temperature sufficiently to adversely affect production of desirable forage species.
Incident PAR was significantly attenuated by the taller noxious weeds, broomweed, and ragweed. Quantity of light reaching the grasses was consistently higher in all herbicide treatments that controlled both broomweed and ragweed. Treatments that controlled the broomweed and ragweed had 80 to 100% of PAR reaching the understory grasses during the growing season. Whereas, grasses in the check plots received only 50 to 72% of PAR (Fig. 2) . Amount of light reaching the grass in the picloram plus 2,4,5-T treatments approached full sunlight by August, correlated with a high degree of control of broomweed and ragweed. Although PAR reaching the understory vegetation (grasses) increased with control of broomweed and ragweed, control of both species was not necessary to increase PAR reaching the grasses (Table I , dicamba applied at 0.28 kg/ha). The decrease in PAR available to the grasses between late May and late June can be attributed to the density of annual broomweeds. As soil water became limiting (Fig. 3) , the density of broomweed decreased, allowing more PAR to reach the grass by early July. After the plants formed the umbel or "broom", the quantity of PAR available to the grasses again declined. These data suggest that lack of PAR may be the major environmental factor limiting grass production in dense stands of tall weeds. Fisher et al. (1959) reported similar results indicating that average production of buffalograss growing under heavy to dense shade was reduced by at least 50%.
